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CLAIMS 

)l. An apparatus for monitoring conditioning-^of a planarizing 
medium used for planarizing a microelectronic substrate, cojH^nsing: 

a conditioning body having a conditioning surface configured to engage 
a planarizing surface of the planarizing medium<^t least one of the conditioning body 
and the planarizing medium being movaj^relative to the other of the conditioning 
body and the planarizing medium to^edndition the planarizing surface; and 

a sensor coupled^<5the conditioning body to detect a frictional force in a 
plane of the planarizing sjtfface, the frictional force being imparted to the conditioning 
body by the planap^ing medium when the one of the conditioning body and the 
planarizing medium is moved relative to the other of the conditioning body and the 
planarizin^medium. 



The apparatus of claim 1 wherein the planarizing medium 
includes a polishing pad. 

3. \ The apparatus of claim 1 wherein the conditioning body has a 
conditioning surfacd generally parallel to the planarizing surface. 

4. The apparatus of claim 1 wherein the conditioning body includes 
abrasive elements for abrading the planarizing surface of the planarizing medium. 



5. The apparatus of claim 1, further comprising a support 
coupled to the conditioning bodyf^ a strain gauge 

connected^j^ a deflection of the support member 

resulting from the force on the conditioning body. 



• 
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6. The apparatus of claim 1, further cojnpfising: 
a first support member having first^aria second ends and being rotatably 
coupled toward the first end to the Arti^6ning body, the second end of the first 
support member extending away fn^ body; and 

a second suppoiJ^ifieiMje^ at a pivotable coupling to the first 

support member towardJh€secondpnd of the first support member, the sensor being 
positioned between^tfie first and second support members, the first support member 
being pivotabk^elative to the second support member to transmit a force to the sensor 
correspondkfg to the frictional force. 




The apparatus of claim 1 wherein the sensor includes a force 



1 wEerein the sensor includes 



9. The appag^iis^of^aim 1, further comprising an electric actuator 
coupled to the coiiditionin/ body td(rotatejl^^nditioning body relative to the 
polishingjpadTwherein the sensor includes a current sensor coupled to the actuator to 
d^tecfan electric current drawn by the actuator. 



10. The apparatus of claim 1, further comprising an actuator coupled 
to the conditioning body fW controlling at least one of a position of the conditioning 
body and an approximately^ normal force between the conditioning body and the 
planarizing medium, the actuator being coupled to the sensor to receive signals from 
the sensor and adjust the one oXthe position and the approximately normal force in 
response to the signal. 



11. Thea| 
a piston^id 



atus of claim 1, further comprising: 
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a cylinder having an open end and a closedgjidrffie cylinder sealably 
and slidably receiving the piston, at/le^st^one ot-tfl^piston and the cylinder being 
coupled to the conditioning body tc^shd^felative to the other of the piston and the 
cylinder under the influence oftJie^^dSnal fcfrce on the conditioning body, the piston 
and the cylinder defining^Tsealed gap bgtwgen an end of the piston and the closed end 
of the cylinder^ihd^sensor being positioned within the gap for measuring a change in 
pressurp>^athin the gap as the piston moves relative to the cylinder. 

12. The apparatus of claim 11 wherein the piston has a generally 
circular cross-sectional shape and the cylinder has/^n aperture with a generally circular 
cross-sectional shape for receiving the piston. 



13. The apparatus ot claim 11 wherein the piston has a generally 
rectangular cross-sectional shape/and the cylinder has an aperture with a generally 
rectangular cross-sectional shaffe for receiving the piston. 



14. The apparatus of claim 1, further comprising: 
a piston; and 

a cylinder having an open end and a closed end, the cylinder slidably 
receiving the piston, at least one of the piston and the cylinder being coupled to the 
conditioning body to slide relative to the other of the piston and the cylinder under the 
influence of the frictional force on the conditioning body, the piston and the cylinder 
defining a gap between an en& of the piston and the closed end of the cylinder, the 
sensor including a gauge positioned to measure movement of the one of the piston and 
the cylinder relative to the other orsthe piston and the cylinder. 



15. 

with the cylinder. 



The apparatus of claim 14 wherein the piston is sealably engaged 
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16. The apparatus of claim 14, further comprising a biasing member 
coupled to the cylinder and the piston to bias the piston toward or away from the 
cylinder. 

17. iThe apparatus of claim 14 wherein the gauge includes a pointer 
on one of the piston\and the cylinder and a scale on the other of the piston and the 
cylinder, the pointer being aligned with the scale and movable relative to the scale to 
indicate relative movement between the piston and the cylinder. 



18. The ypparatus of claim 1 wherein the planarizing medim 
includes a polishing pad elongated to form a continuous loop extending overatieast 
two rollers, further whereinUhe conditioning body extends transverse toAepolishing 
pad. 



19. The apparatus of claim/T8 wherphf the conditioning body is 
generally rigid, further comprising an apnaatorAupled to the conditioning body to 
control a force between the conditioning body^hd the polishjngpad. 

20. The apparatus^©/ claim 18-Ttfherein the conditioning body is at 
least partially compliant in a^irectiofi approximately normal to the polishing pad, 
further comprising a plurality of actuators coupled to the conditioning body, each 
actuator configured^control a normal force between the polishing pad and a portion 
of the conditioning body. 



21. The apparatus \>f claim 1 wherein the conditioning body has a 
generally circular planform shape. \ 
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^22/ An apparatus for measuring forces during conditioning of a 
chemical-mechanical planarizing surface, comprising: 

a planarizing medium having a plap^rizing surface for removing 
material from a microelectronic substrate, thp^ planarizing surface defining a 
planarizing surface plane; 

a conditioning body adjacent to the planarizing medium, at least one of 
the conditioning body and the planarizing^^ medium being movable relative to the other 
of the conditioning body and the planarizing medium for conditioning the planarizing 
surface, the conditioning body andohe planarizing medium generating a force in the 
planarizing surface plane when/fhe one of the conditioning body and the planarizing 
medium moves relative to Jhe other of the conditioning body and the planarizing 
medium; and 

a sensoj^operatively coupled to the conditioning body to detect the force. 



2i. The apparatus of claim 22 wherein the planarizing medium 
includes a polishW pad. 

24. >The apparatus of claim 22 wherein the conditioning body has a 
conditioning surface generally parallel to the planarizing surface. 

25. The Napparatus of claim 22 wherein the conditioning body is 
rotatable relative to the planarizing medium. 

26. The apparatus of claim 22 wherein the conditioning body is 
translatable relative to the planarffcing medium. 



27. The apparatus of claim 22 wherein the planarizing medium is 
rotatable relative to the conditioning body. 
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28. The apparatus of claim 22 whereijKfne force is a drag force, 
further comprising: 

a first support member having fip£t and second ends and being rotatably 
coupled toward the first end to the x^ditioning body, the second end of the first 
support member extending away frpauhe conditioning body; arid 

a second supp^jtfm^lW coupled at a pivotable coupling to the first 
support member towardjfche seGefffflend of the. first support member, the sensor being 
positioned between^tfie first and Second support members, the first support member 
being pivotabl^elative to the second support member to transmit a force to the sensor 
coirespondnfg to the drag force. 

29. \ The apparatus of claim 22 wherein the sensor includes a force 
sensor. \ 

*30.. Whe~appar-atus-of^claim^ 

gauges \ 

3 1 . ThAapparatus of claim 22, further comprising: 
a piston; and 

a cylinder haVing an open end and a closed end, the cylinder slidably 
receiving the piston, at least\one of the piston and the cylinder being coupled to the 
conditioning body to slide relative to the other of the piston and the cylinder under the 
influence of the force on the conditioning body, the piston and the cylinder defining a 
gap between an end of the pistoA and the closed end of the cylinder, the force sensor 
including a gauge positioned to Yneasure movement of the piston relative to the 
cylinder. \ 

32. The apparatus of claim 31 wherein the piston is sealably engaged 
with the cylinder. \ 
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33. \ The apparatus of claim 31, further comprising a biasing member 
coupled to the cylinder and the piston to bias the piston toward or away from the 
cylinder. 




34. The apparatus of claim 22, further comprising a feedback device 
coupled to the sensor ank the conditioning body for changing at least one of the force 
between the conditioning, body and the polishing pad and a position of the 
conditioning body relative toNthe polishing pad in response to a signal from the sensor. 



ecrfoi 



An apparatus for monitoring conditioning of planarizing 
medium usecTfor chemical-mechanical planarization of ^microel^tronic substrate,* 
comprising: 

a conditioning body having a copdftioning surface configured to engage 
a planarizing surface of the planarizing medium, at least one of the conditioning body 
and the planarizing medium being^fiovable relative to the other of the conditioning 
body and the planarizing jrfedium to condiU<m the planarizing surface, the 
conditioning body generating a drag force generally parallel to the planarizing surface; 

an actp^tor coupled to the conditioning body with a support assembly to 
control at leas^eme of a generally normaKforce between the conditioning body and the 
planarizmg^nedium and a position o^the conditioning body relative to the planarizing 
meditfm; 

a sensor coupled^fo the support assembly to detect the drag force; and 
a feedback device coupled to the actuator to control activation of the 
actuator in response to signal received from the force sensor. 



36. 

microprocessor. 



The apparatus of claim 35 wherein the feedback device includes a 



37. The apparatus ofVlaim 35 wherein the actuator is positioned to 
move the conditioning body laterally over the planarizing surface. 
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38. The apparatus of claim 35 wherein the actuator is positioned to 
rotate the conditioning body in a generally circular motion over the planarizing 
surface. 

39. \ The apparatus of claim 35 wherein the planarizing medium 
includes a polishing\pad. 

40. The apparatus of claim 35, further comprising: 
a first supWt member having first and second ends and being rotatably 

coupled toward the first Wd to the conditioning body, the second end of the first 
support member extending away from the conditioning body; and 

a second suppWt member coupled at a pivotable coupling to the first 
support member toward the second end of the first support member, the sensor being 
positioned between the first arid second support members, the first support member 
being pivotable relative to the seeond support member to transmit a force to the sensor 
corresponding to the drag force. 



sensor. 



41. The apparatus olS claim 35 wherein the sensor includes a force 




—4* 3 3ie apparato s-of claim^a wherein the~l?ensor-mciuder^ 




35, further comprising: 



43. The apparatus of « 
a piston; and 

a cylinder haw6g an offefo end and a closed end, the cylinder slidably 
receiving the piston, at least one jett^he piston and the cylinder being coupled to the 
conditioning body to slideV^teti^kio the other of the piston and the cylinder under the 
influence of the force on,#e jzfondi tiphing body, the piston and the cylinder defining a 
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gap between an end of the piston an 
positioned to detect relative moti 




closed end of the cylinder, the sensor being 
the piston and the cylinder. 



44. The apparatus of claim 43 wherein the piston is sealably engaged 
with the cylinder and the sensor includes a pressure gauge positioned within the gap to 

tect a change in pressure in the gap when one of the piston and the cylinder moves 
relative to the other. 

45. The apparatus of claim 43, farther comprising a biasing member 
coupled to the cylinder and the piston to bia/ the piston toward or away from the 
cylinder. 



A method for monitoring conditioning of a planarizing medium 
used for planarizing a microelectronic/substrate, comprising: 

moving at least one of the planarizing medium and a conditioning body 
relative to the other of the planarizing medium and the conditioning body while the 
conditioning body is engaged y&ith a planarizing surface of the planarizing medium; 
and 

monitoring tne conditioning body to detect a force of the planarizing 
medium on the conditioning body. 



47. The method\of claim 46 wherein monitoring the conditioning 
body includes detecting a frictionalVorce on the conditioning body in a plane generally 
parallel to a plane of the planarizing \urf ace. 




6 wherein moving at 



48. The method of 
conditioning body and the plan- 
relative to^e^tenarizi^^ 



includes rotating the conditioning body 
ic motor, further wherein detecting 
the-force includes detecting an electrical current drawn by the motor. 
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49. The method of ch 
conditioning body_and~ the-pia.ua 



Irumrelative to the conditioningiSody. 



khuni includes rotating the planarizing 



50. The method of claim 46 wherein the conditioning body is coupled 
to a support member for supporting the conditioning Jfody relative to the planarizing 
medium, further wherein monitoring the conditional body includes measuring a force 
transmitted to the support member by the conditioning body. 



51. The method of clairn^O wherein the support member includes a 
generally upwardly extending portion cctfpiedto the conditioning body and a generally 
laterally extending portion pi votabl/ coupled to the upwardly extending portion, 
further wherein monitoring the conditioning body includes detecting a force between 
the upwardly extending portion ^ftd the laterally extending portion with a force sensor. 

_ 5 3-. — Tiie-method-oT^am^O wherein^iaonitoring the~~cor RiitiOning 
b^y-rncludes detecting a deflection ottne support member. 

53. The method of claim 50 whereifr-th^support member includes a 
ston slidably received in a cylindej^nd^nonitoring the conditioning body includes 
detecting a movement ofope^jflhe piston and the cylinder relative to the other of the 
piston and the cylinder? 



54. The method of claim 53, further comprising biasing one of the 
piston and the cylinder toward or away from the other of the piston and the cylinder. 



55. The method of claim SG'wherein the support member includes a 
ston slidably and sealably received in/cylinder to form a sealed space between an 
end of the cylinder and an end/ft the piston, further wherein monitoring the 
conditioning body includes detecting a pressure within the sealed space. 
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56. The method of claim 46 wherein moving at least onegf 
conditioning body and the planarizing mediumj^atiy^ 

body and the planarizingjnedwmrlnc^ the conditioning body laterally 

over thejDteoa^ of the planarizing medium while rotating the planarizing 

iium relative to the conditioning body. 

57. The method of claim 46, further comprising removing material 
from the planarizing faiedium while at least one of the conditioning body and the 
planarizing medium mbves relative to the other of the conditioning body and the 
planarizing medium. 

58. The method of claim 46, further comprising adjusting a force 
applied to the conditioning body approximately normal to the planarizing surface in 
response to detecting a force oft the planarizing medium on the conditioning body. 



59. The method\of claim 46 wherein moving at least one of the 
planarizing medium and the conditioning body includes rotating the planarizing 
medium at a variable rate as the Conditioning body moves across the planarizing 
medium to maintain a relative velocity between the planarizing medium and the 
conditioning body at an approximatelyronstant value. 

I 60. A method for monitoring conditioning of a planarizing medium 
used for planarizing a microelectronic substrate, the method comprising: 
coupling a sensor to a coffditioning body; 

engaging the conditioning body with the planarizing medium and 
moving at least one of the condoning body and the planarizing medium relative to 
the other of the conditioning tWiy and the planarizing medium while the conditioning 
body engages the planarizing/medium; and 

monitoring We conditioning body to detect a frictional force between the 
conditioning body and ttye planarizing medium. 
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61. The method^ of y^laim ^60 wherein movin g a t lfia^f-arrp- ftf th> 
conditioning body^antHfi^ includes rotating the conditioning body 

relath^othe planarizing medium with an electric motor, further wherein detecting 
frictional force includes detecting an electric current drawn by the motor. 



62. The method of claim 6p/&herein the conditioning body is coupled 
to a support member for supporting y^^onditioning body relative to the planarizing 
medium, further wherein monitorin^M conditioning body includes measuring a force 
transmitted to the support memJ^CToy the conditioning body. 



63. The method ot_eIaiffi^§2r-whefein monitoring the conditio 
^body-meluder3etecting a deflectio^o^tlie support meiiiber. 



64. The method of claim 62 whejeifrthe support member includes a 
piston slidably received in a cyliA^^nd-tnonitoring the conditioning body includes 
detecting a movement of one-of^epi^n and the cylinder relative to the other of the 
piston and the cylipdef; 

65. The method of claim 62\*£h£rein the support member includes a 
piston slidably and sealably received ir^sf^cylinder to form a sealed space between an 
end of the cylinder and an epdof the piston, further wherein monitoring the 
conditioning body include^detecting a pressure within the sealed space. 



66. The method ojxflaim^O wherein the planarizing-mediuf n i nclude s' 
a polishing pad and movir^^au4o&t one of the planarizing medium and the 
conditioning^dyT^HTve to i^ej^ei^£Ae^lanarizing medium and the conditioning 
bedyincludes rotating the polishing pad relative to the conditioning body. 
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*^J>7. XWethod for controlling conditioning of a jsl^rfarizing medium 
used for planarizing a microelectronic substrate, the method cpffipnsing: 

engaging a ^conditioning body with the nlafiarizing medium and moving 
at least one of the conditioning body and the pjarfarizing medium relative to the other 
of the conditioning body '^nd the, planajiiing medium while the conditioning body 
engages the planarizing medium; 

detecting a fr^tronal force between the conditioning body and the 
planarizing medium; and, 

conttoJHng at leaW one/6f A force between the conditioning body and the 
planarizing mecp-rfm and a speed m Xhi conditioning body relative to the planarizing 
medium in response to detectinftoh^frictional force between the conditioning body 
and the planarizing medium. /[&( \ 

68. The m^tMd*^6f^laim 67 wherein controlling a force between the 
conditioning body and the planarizing medium includes receiving a force signal from a 
force sensor and transmitting a command signal to an actuator coupled to the 
conditioning body. 



69. The method of claim 68 wherein receiving the force signal 
includes receiving the force signal with a toiicroprocessor and transmitting a command 
signal includes transmitting the command signal from the microprocessor. 



70. The method of claim fc7 wherein controlling a force includes 
adjusting a force on the conditioning boky that is approximately normal to a 
planarizing surface of the planarizing medium) 

7 1 . The method ofjelai m/67 wherein the_ planarizing medium-inetedes 
a polishing pad a^.moving^aTIe^t orfer of the conditioning body and the planarizing 
mediup^lative to the other oUhe conditktfnng body and the planarizing medium 
Lndudes rotating the polishing pad relative to the conditioning body. 
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72. The method of claii 
conditioning body relative to the plj 
conditioning body radially relativejethe 



whj^etn controlling a speed of the 
sing medium includes moving the 
Jnarizing medium. 



73. The method of claim 68 wherein c6ntrolling a speed of the 
conditioning body includes rotating at least one of thj/ conditioning body and the 
planarizing medium relative to the other about an/axis generally normal to the 
planarizing medium. 

\iy. A method for monitoring A polishing pad used for planarizing a 
microelectronic substrate, the method comprise 

engaging a conditioning body with a planarizing surface of the polishing 

pad; 

applying a force to \h€ perishing pad via the conditioning body; 

moving at least oile *ft_the polishing pad and the conditioning body 
relative to the other of the polishing pad anti the conditioning body; and 

detecting a frictiorfel force of the polishing pad on the conditioning body 
in a plane of the planarizing sifrfa 



75. The inethod of claim 74 wherein applying a force includes 
applying a force to the Conditioning body different than a weight of the conditioning 
body. 



76. / The method of claim 74 wherein the force is a first force, further 
comprising conditioning the polishing pad by applying a second force to the 
conditioner greater than the first force to remove material from the planarizing surface 
of the polishing pad. 
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77. The method of claim 74 wherein th€" polishing pad is a first 
polishing pad and the frictional force is a first frictiop^fforce, further comprising: 

applying a force to a second^oli^ring pad via the conditioning body; 

moving at least one of/thei^cond polishing pad and the conditioning 
body relative to the other of the secomr^olishmg pad and the conditioning body; 

detecting a second^dtional^rce of the second polishing pad on the 
conditioning body in a plane ofthe ppnarizing surface; and 

comparing ^he first and second frictional forces. 

^^^^ (3 § A meth ° d f ° r conditionin g a plapafizing medium used for 
^^)Mnarizing a semiconductor substrate, the method cpnfprising: 

engaging a conditioning body wjthihe planarizing medium; 

moving at least one of life conditioning body and the planarizing 
medium relative to the other of th^xfonditioning body and the planarizing medium to 
remove material from the planarizing medium; and 

maintaining^an approximately constant frictional force between the 
conditioning body^rid the planarizing medium by adjusting a relative velocity between 
the conditioning body and the planarizing medium. 

79. The method of claim 7£xwherein maintaining an approximately 
constant frictional force includes sele<MHg a target frictional force, detecting a force 
between the conditioning body and,^fiep)anarizing medium and adjusting the relative 
velocity until the force is approxfWt^l/equal to the target frictional force. 

80. The methodofc^Lai^^ 
conditioning.^^ rotating the planarizing 
medium relative to the conditioning body. 



8 1 . The method^ 
to a support member for support! 



claim 79 wherein the conditioning body is coupled 
; the conditioning body relative to the planarizing 
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medium, further wherein detecting the force includes measuring a force transmitted to 
the support member by the conditioning body. 

82. The method of claim 81 wtjjergm the support member includes a 
generally upwardly extending portion ccjiipied to the conditioning body and a generally 
laterally extending portion pw&t£bly coupled to the upwardly extending portion, 
further wherein detectiijg^ffie force includes detecting a force between the upwardly 
extending portior^afid the laterally extending portion with a force sensor. 



m 
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whergiiL-^ detecting the force 4 ncludcs 



deteeteg 




84. The method of claim 81 whereij^tii^ support member includes a 
piston slidably received in a cylinder aryi^detecting the force includes detecting a 
movement of one of the piston anj^tfie cylinder relative to the other of the piston and 
the cylinder. 




